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Description 

[0001 ] This invention rotates to novel tissue graft con- 
structs and their use to promote regrowth and healing 
of damaged or diseased tissue structures. More partic- 5 
ularty this invention is directed to use of intestinal tissue 
grafts as connective tissue substitutes, and most partic- 
ularly to their use in surgical repair of ligaments and ten- 
dons and for their use as a surgically applied bone wrap 
to promote healing of bone fractures. 
[0002] Researchers in the surgical arts have been 
working for many years to develop new techniques and 
materials for use as grafts to replace or repair damaged 
or diseased tissue structures, particularly bones and 
connective tissues, such as ligaments and tendons, and 
to hasten fracture healing. It is very common today, for 
instance, for an orthopaedic surgeon to harvest a patel- 
lar tendon of autogenous or allogenous origin for use as 
a replacement for a torn cruciate ligament, The surgical 
methods for such techniques are well known. Further it 
has become common for surgeons to use implantable 
prostheses formed from plastic, metal and/or ceramic 
material for reconstruction or replacement of physiolog- 
ical structures. Yet despite their wide use, surgically im- 
planted prostheses present many attendant risks to the 
patient. It will suffice to say that surgeons are in need of 
a non-immunogenic, high tensile strength graft material 
which can be used for surgical repair of bones, tendons, 
ligaments and other functional tissue structures. 
[0003] Researchers have been attempti ng to develop 
satisfactory polymer or plastic materials to serve as lig- 
ament, or tendon replacements or as replacements for 
other connective tissues, such as those involved in her- 
nias and joint-dislocation injuries. It has been found that 
it is difficult to provide a tough, durable plastic material 
which Is suitable for long-term connective tissue re- 
placement. Plastic materials can become infected and 
difficulties in treating such infections often lead to graft 
failure. 

[0004] In accordance with the present invention there 
is provided tissue graft constructs for orthopaedic and 
other surgical applications which in experiments to date 
have been shown to exhibit many of the desirable char- 
acteristics important for optimal graft function. 
[0005] The graft construct in accordance with this in- 
vention is prepared from a delaminated segment of in- 
testinal tissue of a warm-blooded vertebrate, the seg- 
ment comprising the tunica submucosa, the muscularis 
mucosa and the stratum compactum of the tunica mu- 
cosa. The tunica submucosa, muscularis mucosa and 
stratum compactum are delaminated from the tunica 
muscularis and the luminal portion of the tunica mucosa 
of the segment of intestinal tissue. The resulting seg- 
ment is a tubular, very tough, fibrous, collagenous ma- 
terial which is fully described in U.S. Patents 4,902,508 
issued February 20, 1990 and 4,956,178 issued Sep- 
tember 11 , 1990. In those patents, the tissue graft ma- 
terial is primarily described in connection with vascular 



graft applications. 

[0006] Intestinal submucosa graft material may be 
harvested from a biological source such as animals 
raised for meat production, including, for example, pigs, 
cattle and sheep or other warm-blooded vertebrates. 
Older sows having a weight between 400 and 600 lbs. 
1 81 - 272 kg have been found to be particularly good 
sources of graft material for use for this invention. A graft 
segment removed from such an older sow can have a 
tensile strength of up to 1 700 psi 1 1 95 270 kg/m 2 in the 
longitudinal direction of the intestine. Thus, there is a 
ready source of intestinal submucosa graft material in 
slaughter houses around the country, ready to be har- 
vested and utilized in accordance with the present in- 
vention. 

[0007] The tri-layer intestinal segments used to form 
the graft constructs in accordance with this invention 
can be used in their delaminate tubular form or they can 
be cut longitudinally or laterally to form elongated tissue 
segments. In either form, such segments have an inter- 
mediate portion and opposite end portions and opposite 
lateral portions which can be formed for surgical attach- 
ment to existing physiological structures, using surgical- 
ly acceptable techniques. 

[0008] An advantage of the intestinal submucosa 
graft formed for surgical repair in accordance with the 
present invention is its resistance to infection. The in- 
testinal submucosa graft material, fully described in the 
aforesaid patents, have high infection resistance, long 
shelf life and storage characteristics. It has been found 
that xenogeneic intestinal submucosa is compatible 
with hosts following implantation as vascular grafts, lig- 
aments and tendons because of its basic composition. 
The intestinal submucosa connective tissue is appar- 
ently very similar among species. It is not recognized by 
the host's immune system as "foreign 1 * and therefore is 
not rejected. Further the intestinal submucosa grafts ap- 
pear to be extremely resistant to infection because of 
their trophic properties toward vascularization and to- 
ward endogenous tissues surgically affixed or otherwise 
associated with the implant graft. In fact, most of the 
studies made with intestinal submucosa grafts to date 
have involved non-sterile grafts, and no infection prob- 
lems have been encountered. Of course, appropriate 
sterilization techniques acceptable to the Federal Drug 
Administration (FDA) may well be used to treat grafts In 
accordance with the present Invention. 
[0009] It has been found that unsterilized clean intes- 
tinal submucosa graft material can be kept at 4°C (re- 
frigerated) for at least one month without loss of graft 
performance. When the intestinal submucosa graft ma- 
terial is sterilized by known methods, it will stay in good 
condition for at least two months at room temperature 
without any resultant loss in graft performance. 
[0010] It has also been found that the grafts formed 
and used in accordance with this invention upon implan- 
tation undergo biological remodelling. They serve as a 
rapidly vascularized matrix for support and growth of 
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new endogenous connective tissue. The graft material 
used in accordance with this invention has been found 
to be trophic for host tissues with which it is attached or 
otherwise associated in its implanted environment. In 
multiple experiments the graft material has been found 
to be remodelled (resorbed and replaced with autoge- 
nous differentiated tissue) to assume the characterizing 
features of the tissue(s) with which it is associated at 
the site of Implantation. In tendon and ligament replace- 
ment studies the graft appears to develop a surface that 
is synovialized. Additionally, the boundaries between 
the graft and endogenous tissue are no longer discern- 
ible. Indeed, where a single graft "sees" multiple micro- 
environments as implanted, it is differentially remodeled 
along its length. Thus when used in cruciate ligament 
replacement experiments not only does the portion of 
the graft traversing the joint become vascularized and 
actually grow to look and function like the original liga- 
ment, but the portion of the graft in the femoral and tibial 
bone tunnels rapidly incorporates into and promotes de- 
velopment of the cortical and cancellous bone in those 
tunnels. In fact, it has been found that after six months, 
it is not possible to identify the tunnels radiographically. 
It appears that intestinal submucosa serves as a matrix 
for and stimulates bone regrowth (remodeling) within 
the tunnels. The bone tunnels with the encompassed 
intestinal submucosa graft have never been shown to 
be a weak point in the tensile-strength evaluations after 
sacrifice of test dogs accomplished to date. 
[0011] It is one object of the present invention, there- 
fore, to provide graft constructs for use as connective 
tissue substitute, particularly as a substitute for liga- 
ments and tendons. The graft is formed from a segment 
of intestinal tissue of a warm-blooded vertebrate. The 
graft construct comprises the tunica submucosa, the 
muscularis mucosa and the stratum compactum of the 
tunica mucosa, said tunica submucosa, muscularis mu- 
cosa and stratum compactum being delaminated from 
the tunica muscularis and the luminal portions of the tu- 
nica mucosa of the segment of intestinal tissue. The 
graft construct has a longitudinal dimension corre- 
sponding to the length of the segment of intestinal tissue 
and a lateral dimension proportioned to the diameter of 
the segment of intestinal tissue. For tendon and liga- 
ment replacement applications, the resulting segment 
is preconditioned by stretching longitudinally to a length 
longer than the length of the intestinal tissue segment 
from which it was formed. For example, the segment is 
conditioned by suspending a weight from said segment, 
for a period of time sufficient to allow about ten to about 
twenty percent elongation of the tissue segment. Op- 
tionally, the graft material can be preconditioned by 
stretching in the lateral dimension. (The graft material 
exhibits similar viscoelastic properties in the longitudinal 
and lateral dimensions). The graft segment is then 
formed in a variety of shapes and configurations, for ex- 
ample, to serve as a ligament or tendon replacement or 
substitute or a patch for a broken or severed tendon or 



ligament. Preferably, the segment is shaped and formed 
to have a layered or even a multilayered configuration 
with at least the opposite end portions and/or opposite 
lateral portions being formed to have multiple layers of 
5 the graft material to provide reinforcement for attach- 
ment to physiological structures, including bone, ten- 
don, ligament, cartilage and muscle. In a ligament re- 
placement application, opposite ends are attached to 
first and second bones, respectively, the bones typically 
* 0 being articulated as in the case of a knee joint. It is un- 
derstood that ligaments serve as connective tissue for 
bones, i.e., between articulated bones, while tendons 
serve as connective tissue to attach muscle to a bone. 
[0012] When a segment of intestine is first harvested 
and delaminated as described above, it will be a tubular 
segment having an Intermediate portion and opposite 
end portions. The end portions are then formed, manip- 
ulated or shaped to be attached, for example, to a bone 
structure in a manner that will reduce the possibility of 
graft tearing at the point of attachment. Preferably it can 
be folded or partially everted to provide multiple layers 
for gripping, for example, with spiked washers or sta- 
ples. Alternatively, the segment may be folded back on 
itself to join the end portions to provide a first connective 
portion to be attached, for example, to a first bone and 
a bend in the intermediate portion to provide a second 
connective portion to be attached to a second bone ar- 
ticulated with respect to the first bone. 
[0013] For example, one of the end portions may be 
adapted to be pulled through a tunnel in, for example, 
the femur and attached thereto, while the other of the 
end portions may be adapted to be pulled through a tun- 
nel in the tibia and attached thereto to provide a substi- 
tute for the natural cruciate ligament, the segment being 
adapted to be placed under tension between the tunnels 
to provide a ligament function, i.e., a tensioning and po- 
sitioning function provided by a normal ligament. 
[0014] The intestinal submucosa segment, which 
consists essentially of the tunica submucosa, muscula- 
ris mucosa and stratum compactum, has been found to 
have good mechanical strength characteristics in the 
same delaminated tubular form in which it is produced 
following the described delamination procedure. It has 
been found that having the stratum compactum layer in- 
side the tubular form in a tendon or ligament graft pro- 
vides good trophic properties for vascularization. It Is be- 
lieved that grafts used in accordance with the present 
invention with the intestinal segment inverted, i.e., with 
the stratum compactum on the outside will exhibit like 
functionality, but further testing is required to determine 
the vascularization characteristics with that structure uti- 
lized, for example, as a tendon or ligament graft. 
[0015] Because grafts used in orthopaedic applica- 
tions are typically placed under tension in their surgical 
installation, it may be preferable to combine two or even 
more tissue segments to provide a multi-ply (multi-lay- 
ered) graft construct. It is another object of the present 
invention, therefore, to provide such grafts in which two 
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or more intestinal segments are arranged to have their 
end portions joined together with the joined end portions 
and/or lateral portions adapted to be attached to a bone, 
tendon, ligament or other physiological structure. One 
method for providing a double intestinal segment may 5 
be to pull one tubular segment internally within another 
segment to provide a double-walled tube, the joined 
ends of which can be attached, for example, to a bone, 
tendon or ligament. These doubled segments will pro- 
vide enhanced tensile strength and resistance to 
stretching under tension. 

[0016] A further object of the present invention is to 
provide such a graft in which one of said end portions is 
adapted to be pulled through a tunnel in, for example, 
the femur and attached thereto and the other of said end 
portion is adapted to be pulled through a tunnel in the 
tibia and attached thereto to provide a substitute for the 
natural cruciate ligament, the segment being adapted to 
be placed under tension between the tunnels to provide 
a ligament function. Similar procedures can be em- 
ployed to provide ligament function to other articulating 
bones. 

[001 7] Still a further object of the present invention is 
to provide an orthopaedic graft for use as connective 
tissue to hold fractured bone pieces together and in 
proper orientation in the body, the segment being 
formed to serve as a fracture wrap about segments of 
fractured bone and to be attached to the bone, said seg- 
ment having been conditioned by stretching so that it is 
longer than the segment of intestinal tissue from which 
it was formed. The implanted graft construct is trophic 
toward vascularization and differentiated tissue growth 
and is essentially remodelled to assume the structural 
and functional characteristics of the repaired structure. 
[0018] The invention will now be described in more 
detail by way of example only and with reference to the 
accompanying drawings, in which: 

Fig. 1 shows a lateral view of a knee with a graft in 
accordance with the present invention extending 
through a tunnel through the tibia and wrapped over 
the top of a femur. 

Fig. 2 shows an anterior view of the left stifle show- 
ing the graft arrangement of Fig. 1 . 
Fig. 3 shows an anterior view of the left stifle with a 
graft in accordance with the present invention ex- 
tending through tunnels in both the tibia and the fe- 
mur with the end portions of the graft attached by 
screws and spiked washers In accordance with 
standard orthopaedic surgery practices. 
Fig. 4 shows a medial view of the left stifle showing 
a graft in accordance with the present invention 
used as a medial collateral ligament replacement 
with opposite end portions of the graft attached by 
sutures to existing connective tissues. 
Fig. 5 is a fragmentary view showing an achilles ten- 
don with a graft placement in accordance with the 
present invention adapted to join a break in the ten- 



don. 

Fig. 6 is a fragmentary perspective view showing 
the graft of Fig. 5 being attached. 
Fig. 7 is a sectional view showing how the graft is 
wrapped twice about the tendon in Figs. 5 and 6. 
Fig. 8 shows a tubular section of the graft folded 
back on itself to provide a double thickness of intes- 
tinal submucosa segment. 
Fig. 9 is a fragmentary perspective view showing a 
graft segment pulled within another graft segment 
to provide a double-walled ortube-withln-a-tube ar- 
rangement. 

[0019] The intestinal submucosa graft of the present 
invention is harvested and delaminated in accordance 
with the description in the prior U.S. Patents 4,956,178 
and 4,902,508. An intestinal submucosa segment is 
thereby obtained. 

[0020] To date, of course, such grafts have been used 
only on test animals. The following description is based 
upon the experimental uses made or contemplated to 
date. 

[0021] In Figs. 1 and 2, a femur is shown above the 
tibia with a lateral view in Fig. 1 and an anterior view of 
the left stifle in Fig. 2. As best seen in Fig. 2, a graft 10 
is installed through a bone tunnel 1 2 in the tibia in a fash- 
ion well-known in orthopaedic surgery. The end portion 
of the graft 1 0 is attached as indicated at 1 4 by a spiked 
washer and screw arrangement to provide the connec- 
tion to the tibia. The other end portion of the graft 1 0 is 
pulled up through the space between the condylar por- 
tions and wrapped over the lateral femoral condyle to 
be attached as indicated at 1 6 by another spiked washer 
and screw arrangement. It will be appreciated that sur- 
geons will generally place such grafts under tension be- 
tween connections 14, 16. 

[0022] The arrangement shown in Figs. 1 and 2 may 
well be more adaptable for testing in dogs than it is for 
repair of human knees. Thus, Fig. 3 shows a likely hu- 
man application . of the graft 1 0 extending through 
aligned tunnels 20, 22 in the femur and tibia with the 
opposite ends of the graft 1 0 being connected by teflon 
spiked washers and screws as indicated at 14 and 16. 
Such screws and spiked washers may be replaced with 
spiked bone staples or any other type of soft-tissue-to- 
bone fixation devices commonly used in orthopaedic 
surgery. When the graft is pulled through the tunnels 20, 
22 and placed under tension by the attachments indi- 
cated at 1 4, 1 6, the graft serves a ligament function be- 
tween the femur and tibia. The graft also apparently 
stimulates bone growth in the tunnels such that the tun- 
nels close in on the grafts to make connections which, 
after a period of time, do not have to be supplemented 
by the screw and washer arrangements. 
[0023] Fig. 4 illustrates an intestinal submucosa graft 
1 0 used as a medial collateral ligament replacement at- 
tached by sutures to existing adjacent tissues. Thus lat- 
eral edges 23, 25 of the tubular graft 10 are sutured to 
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the posterior oblique ligament 24 and the patellar tendon 
26 while opposite ends 27, 29 of graft 1 0 are sutured to 
Ngament/tendon tissues associated with the femur and 
tibia, respectively. The graft 1 0 is preferably placed un- 
der moderate tension. As discussed above, the graft 5 
may comprise one or more Intestinal segments layered 
together to provide additional strength. 
[0024] Figs. 5, 6 and 7 show how a segment of intes- 
tinal submucosa 30 may be shaped and formed to con- 
nect a broken or severed achilles tendon. The segment 
30 is shown as an elongated sheet, its longest dimen- 
sion corresponding to the longitudinal axis of the intes- 
tine from which the segment is removed. The graft seg- 
ment has generally parallel sides 32, 34 and opposite 
ends 36, 38. This segment 30 is wrapped about the 
achilles tendon as shown in Fig. 7 to provide a double- 
wrap or multilayered intermediate portion with the sides 
32, 34 providing multiple layer opposite end portions for 
attachment to the enclosed tendon. The manner In 
which the graft is sutured to the tendon is illustrated in 
Fig. 6. 

[0025] Fig. 8 shows the tubular segment of intestinal 
submucosa 40 folded back on itself to join its end por- 
tions 42, 44 to provide a first connective portion 46 to 
be attached, for instance, to a first bone and also to pro- 
vide a bend indicated at 48 in the intermediate portion 
of the segment 40 to provide a second connective por- 
tion to be attached to a second bone articulated with re- 
spect to the first bone. The segment arrangement in Fig. 
8, therefore, Illustrates a method of using a double seg- 
ment or multilayered segment of intestinal submucosa 
tissue in accordance with this invention. 
[002S] Fig. 9 illustrates another method in which a 
segment 60 of intestinal submucosa is pulled within an- 
other tubular segment 62 of intestinal submucosa to pro- 
vide a dual segment or double segment arrangement 
having greater strength. 

[0027] Presently, it is believed that forming the 
present grafts to have the stratum compactum layer of 
the intestinal submucosa internally, at least in the inter- 
mediate portion, will promote graft vascularization, and 
tests have been made to establish this fact. It should be 
recognized, however, that having the stratum compac- 
tum on the exterior may function likewise to allow or 
even promote graft vascularization, and future tests may 
establish this fact. For instance, it will be appreciated 
that the arrangement shown in Figs. 5, 6 and 7, the mul- 
tiwrap arrangement, is such that the stratum compac- 
tum of the outer wrap is against the tunica submucosa 
of the inner wrap. 

[0028] The grafts may be sterilized using some con- 
ventional sterilization techniques including glutaralde- 
hyde tanning with glutaraldehyde, formaldehyde tan- 
ning at acidic pH, propylene oxide treatment, gamma 
radiation, and peracetic acid sterilization. A sterilization 
technique which does not significantly weaken the me- 
chanical strength and mechanical properties of the graft 
is preferably used. For instance, it is believed that strong 



gamma radiation may cause loss of strength in the graft 
material. Because one of the most attractive features of 
these intestinal submucosa grafts is the host-remodel- 
ling responses, it is desirable not to use a sterilization 
approach which will detract from that property. 
[0029] It is presently believed that a suitable graft ma- 
terial should have a uniaxial longitudinal tensile strength 
of at least 3.5 MPa and a strain of no more than twenty 
percent with maximal load; a burst point of at least 300 
mmHg for a specimen that is originally 1 00 microns thick 
and shaped in a tube of approximately 3 mm internal 
diameter; and a porosity that is between 0.5 and 3.0 ml 
at 120 mmHg pressure per square centimeter. As indi- 
cated above, it is presently believed that the most avail- 
able appropriate source for such intestinal submucosa 
graft may be the small intestine from 400 to 600 lb. (1 81 
- 272 kg) sows which are harvested in slaughter houses. 
The tubular segments from such sows typically have a 
diameter of about 10 mm to about 15 mm. 
[0030] The graft material has a characteristic stress- 
strain relationship. Because orthopedic application of 
the graft construct will most often involve stress upon 
the graft, the graft material is "pre-conditioned" by con- 
trolled stretching prior to use as a connective tissue re- 
placement. 

[0031 ] One method of "pre-conditioning" involves ap- 
plication of a given load to the intestinal submucosa graft 
material for three to five cycles. Each cycle consists of 
applying a load of approximately two megapascals to 
the graft material for five seconds, followed by a ten sec- 
ond relaxation phase. It has been found that three to five 
cycles causes approximately twenty percent strain. The 
graft material does not return to its original size; it re- 
mains in a "stretched" dimension. 
[0032] To date, several studies have been made that 
relate to orthopaedic applications of the type described 
above in connection with the drawings using intestinal 
submucosa harvested from sows. These studies in- 
clude fourteen dogs in which intestinal submucosa has 
been implanted as an anterior cruciate ligament, six 
dogs in which intestinal submucosa has been implanted 
as a medial collateral ligament and nine dogs in which 
intestinal submucosa has been used as an achilles ten- 
don, in a separate single animal, intestinal submucosa 
has been used as a "fracture wrap." Some of these an- 
imals have been euthanized and the grafts harvested 
for evaluation. 

[0033] Results of three dogs with anterior cruciate lig- 
ament replacements have been evaluated to show that 
the tensile strength of the intestinal submucosa graft 
was at least seventy percent (70%) of the contralateral 
normal anterior cruciate ligament (ACL) by ten weeks 
post-surgery. These evaluations show that the graft was 
approximately three times the thickness at ten weeks 
than it was at the time of the implantation, and it was 
well vascularized. The intestinal submucosa ACLs also 
become covered with synovium within two to three 
weeks and incorporate into the bone through the bone 
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tunnels extremely rapidly and strongly. The longest sur- 
vivors at this time are approximately eight months and 
appear to be doing well. 

[0034] Two dogs with the intestinal mucosa medial 
collateral ligament have also been sacrificed to show 
aggressive fibroblastic Ingrowth at one month post-sur- 
gery with synovial lining of the articular surface. The 
graft is attached firmly to the extra-articular aspect of 
the medial meniscus. There was almost complete res- 
toration of medial stability of the knee within four weeks 
of implantation. At this time, the remaining five dogs with 
intestinal submucosa medial collateral ligaments are 
clinically normal with no instability. 
[0035] Three dogs with achilles tendon replacements 
with intestinal submucosa have been sacrificed. Of the 
three groups of dogs, this group showed the most visible 
evidence of graft remodelling (probably because of lo- 
cation). The grafts thicken to the normal achilles tendon 
thickness within approximately four to six weeks and 
can support the normal weight of the animal without a 
brace within one month. The remodelled connective tis- 
sue shows extensive vascularization and orientation of 
the collagen fibrils along the tines of stress. The only 
inflammation that was present was represented by small 
accumulations of mononuclearcells near thesuture ma- 
terial, just as would be seen in any surgical wound. The 
intestinal submucosa grafts appear to develop a peri- 
tenon that is synovialized and the boundary between the 
normal achilles and the intestinal submucosa graft was 
no longer recognizable with H&E stained histologic tis- 
sue sections by sixteen weeks post-surgery. Six dogs 
remain to be sacrificed in this group and the longest sur- 
vivor is now approximately six months post-implant. 
[0036] The bone tunnels with the encompassed intes- 
tinal submucosa grafts have never been shown to be 
the weak point in tensile strength evaluations after sac- 
rifice of dogs that have had the intestinal submucosa 
ACL surgery. In addition, the test animals have not had 
any Infection problem with any of the orthopaedic appli- 
cations to date. 



Claims 

1 . A tissue graft construct for use as connective tissue 
substitute, said graft formed from a segment of in- 
testinal tissue of a warm-blooded vertebrate, said 
segment comprising the tunica submucosa, the 
muscularis mucosa and the stratum compactum of 
the tunica mucosa, said tunica submucosa, muscu- 
laris mucosa and stratum compactum being delam- 
inated from the tunica muscularis and the luminal 
portion of the tunica mucosa of said segment of in- 
testinal tissue, said graft construct having an inter- 
mediate portion and opposite end portions, said end 
portions being formed for attachment to existing 
bone, ligament or tendon structure, the graft con- 
struct being conditioned by stretching so that it is 



longer than the segment of Intestinal tissue from 
which it was formed. 

2. The graft construct of claim 1 conditioned by 
5 stretching so that it is ten to twenty percent longer 

than the intestinal segment from which It was 
formed. 

3. The graft construct of claim 1 wherein the end por- 
10 tions of the segment are formed so that there exists 

multiple layers of the segment at the points of at- 
tachment of the graft to the existing structures. 

4. The graft construct of claim 1 in which said segment 
15 is folded back on itself to join said end portions to 

provide a first connective portion to be attached to 
a first structure and a bend in said intermediate por- 
tion to provide a second connective portion to be 
attached to a second bone articulated with respect 
20 to said first bone. 

5. The graft construct of claim 1 In which one of said 
end portions is adapted to be pulled through a tun- 
nel in the femur and attached thereto and the other 

25 of said end portions is adapted to be pulled through 
a tunnel in the tibia and attached thereto to provide 
a substitute for the natural cruciate ligament, said 
segment being adapted to be placed under tension 
between the tunnels to provide a ligament function. 

30 

6. The graft construct of claim 1 in which one of said 
end portions is adapted to be attached to a first bone 
and the other of said end portions is adapted to be 
attached to a second bone articulated with respect 

35 to said first bone, said segment being adapted to be 
placed under tension between said first and second 
bones to provide a ligament function. 

7. An orthopaedic graft for use as connective tissue 
40 substitute in both ligament and tendon locations 

throughout the body, said graft being formed from 
a segment of intestinal tissue of a warm-blooded 
vertebrate, said segment comprising the tunica 
submucosa, the muscularis mucosa and the stra- 
ps turn compactum of the tunica mucosa, said tunica 
submucosa, muscularis mucosa and stratum com- 
pactum being delaminated from the tunica muscu- 
laris and the luminal portion of the tunica mucosa 
of said segment of Intestinal tissue, said segment 
50 being formed to have a layered Intermediate portion 
terminating with opposite end portions, said end 
portions being formed for attachment to a bone, ten- 
don or ligament, the graft having been conditioned 
by stretching so that it is longer than the segment 
55 of intestinal tissue from which it was formed. 

8. The graft of claim / conditioned by stretching so that 
it is ten to twenty percent longer than the intestinal 
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segment from which it was formed. 

9. The graft of claim 7 in which said segment is cut a nd 
flattened out to provide an elongated sheet extend- 
ing in the longitudinal direction of the intestine to 5 
have generally parallel sides and opposite ends, 
said sheet being rolled up about generally a cylin- 
drical axis generally perpendicular to the longitudi- 
nal direction to provide said intermediate portion to 
enclose a tendon or ligament, said sides providing w 
said opposite end portions to be attached to said 
enclosed tendon or ligament on opposite sides of a 
break or tear therein. 



longitudinally so that it is longer than the segment 
of intestinal tissue from which it was formed. 

1 5. The tissue graft material of claim 1 4 stretched to a 
length ten to twenty percent longer than the seg- 
ment of intestinal segment from which It was 
formed. 

16. The tissue graft material of claim 14 wherein the tis- 
sue graft material is also stretched laterally. 
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10. The graft of claim 9 in which said sheet is rolled up 
to have multilayers of said segment for enclosing a 
ligament or tendon. 

11. An orthopaedic graft for use as connective tissue to 
hold fractured bone pieces together and in proper 
orientation in the body, said graft being formed from 
a segment of intestinal tissue of a warm-blooded 
vertebrate, said segment comprising the tunica 
submucosa, the muscularis mucosa and the stra- 
tum compactum of the tunica mucosa, said tunica 
submucosa, muscularis mucosa and stratum com- 
pactum being delaminated from the tunica muscu- 
laris and the luminal portion of the tunica mucosa 
of said segment of intestinal tissue, said segment 
being formed to serve as a fracture wrap about seg- 
ments of fractured bone and to be attached to said 
bone, said segment having been conditioned by 
stretching so that is longer than the segment of in- 
testinal tissue from which it was formed. 

12. The graft of claim 1 in which said graft is formed 
with at least two such segments, one pulled within 
the other to provide a double walled tubular struc- 
ture with the adjacent end portions joined together. 

13. The graft of claim 7 in which said intermediate por- 
tion has multiple layers of tunica submucosa, mus- 
cularis mucosa and stratum compactum arranged 
together to provide extra tensile strength. 

14. A tissue graft material formed from a segment of 
intestinal tissue, said graft material comprising the 
tunica submucosa, the muscularis mucosa and the 
stratum compactum of the tunica mucosa, said tu- 
nica submucosa, muscularis mucosa and stratum 
compactum being delaminated from the tunica 
muscularis and the luminal portion of the tunica mu- 
cosa of said segment of intestinal tissue, and said 
graft material initially having a longitudinal dimen- 
sion corresponding to the length of the segment of 
intestinal tissue and a lateral dimension propor- 
tioned to the diameter of the segment of intestinal 
tissue, said tissue graft material being stretched 



15 1. Gewebetransplantat-Gebilde zur Verwendung als 
Bindegewebe- Ersatz, wobei das Transplantat aus 
einem Abschnitt von Intestinalgewebe eines warm- 
blutigen Wirbeltieres hergestellt wird und der Ab- 
schnitt die Tunica submucosa, die Muscularis mu- 
20 cosa und das Stratum compactum der Tunica mus- 
cosa umfasst und die Tunica submucosa, die Mus- 
cularis mucosa und das Stratum compactum von 
der Tunica muscularis und dem Lumenbereich der 
Tunica muscosa des Abschnittes des Intestinalge- 
25 webes delamlniert sind und das Transplantat-Ge- 
bilde einen Zwischenbereich und entgegengesetz- 
te Endbereicheaufweist, die zwecks Anbrlngung an 
vomandene Knochen-, Bander- oder Sehnenstruk- 
turen ausgebildet sind, und mittels Strecken kondi- 
30 tioniert ist derart, dass es langer ist als der Abschnitt 
des Intestinalgewebes, aus welchem es hergestellt 
wurde, 

2. Transplantat-Gebilde nach Anspruch 1, welches 
35 durch Strecken konditioniert ist derart, dass es zehn 

bis zwanzig Prozent langer ist als der Intestinalab- 
schnitt, aus welchem es hergestellt wurde. 

3. Transplantat-Gebilde nach Anspruch 1, bei wel- 
40 chem die Endbereiche des Abschnittes so ausge- 
bildet sind, dass Mehrfachlagen des Abschnittes an 
den Punkten vorhanden sind, an denen das Trans- 
plantat an vorhandenen Strukturen angebracht 
wird. 

45 

4. Transplantat-Gebilde nach Anspruch 1, bei wel- 
chem der Abschnitt auf sich selbst zurOckgefattet 
ist, damit die Endbereiche zusammenkommen, urn 
einen ersten Verbindungsbereich, welcher an einer 

so ersten Struktur angebracht wird, und eine Biegung 
im Zwischenbereich zu schaffen, damit ein zweiter 
Verbindungsbereich entsteht, welcher an einem 
zweiten Knochen angebracht wird, welcher mit dem 
ersten Knochen uber ein Gelenk verbunden ist. 

55 

5. Transplantat-Gebilde nach Anspruch 1, bei wel- 
chem einer der Endbereiche durch einen Kanal im 
Femur ziehbar und daran anbringbar ist und der an- 
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dere der Endbereiche durch einen Kanal in der Tibia 
ziehbar und daran anbringbar 1st, urn einen Ersatz 
f Or das naturliche Kreuzband zu bilden, und der Ab- 
schnitt so ausgebildet tst, dass er unter Spannung 
zwischen den Kanalen position iert werden kann, 
urn eine Funktion als Band zu erfullen. 

6. Transplantat-Gebilde nach Anspruch 1, bei wel- 
chem einer der Endbereiche an einem ersten Kno- 
chen anbringbar und der andere der Endbereiche 
an einem zweiten Knochen anbringbar ist, welcher 
mit dem ersten Knochen iiber ein Geienk verbun- 
den ist, und der Abschnitt unter Spannung zwi- 
schen erstem und zweiten Knochen positionierbar 
ist, urn eine Funktion als Band zu erfullen. 

7. OrthopSdisches Transplantat zur Verwendung als 
Ersatz fur Bindegewebe sowohl bei Bandern als 
auch bei Sehnen uberall im Korper, wobei das 
Transplantat aus einem Abschnitt von Intestinalge- 
webe eines warmblutigen Wirbeltieres gebildet ist 
und der Abschnitt die Tunica submucosa, die Mus- 
cularis mucosa und das Stratum compactum der 
Tunica mucosa umfasst und Tunica submucosa, 
Muscularis mucosa und Stratum compactum von 
der Tunica muscularis und dem Lumenbereich der 
Tunica mucosa des Abschnitts aus Intestlnalgewe- 
be delaminiert sind und der Abschnitt so ausgebil- 
det ist, dass er mit einem Lagen aufweisenden Zwi- 
schenbereich versehen ist, der in entgegengesetz- 
ten Endbereichen auslauft, die so ausgebildet sind, 
dass sie an einem Knochen, einer Sehne Oder ei- 
nem Band anbringbar sind, und das Transplantat 
durch Strecken so konditioniert worden ist, dass es 
langer ist als der Abschnitt des Intestinalgewebes, 
aus welchem es hergestellt worden war. 

8. Transplantat nach Anspruch 7, welches durch 
Strecken so konditioniert ist, dass es etwa zehn bis 
zwanzig Prozent langer ist als der Intestinalab- 
schnitt, aus welchem es hergestellt wurde. 

9. Transplantat nach Anspruch 7, bei welchem der Ab- 
schnitt geschnitten und in eine flache Form ge- 
bracht wird, urn ein langliches Blatt zu schaffen, 
welches sich In Langsrichtung des Eingeweides er- 
streckt, urn zwei im wesentlichen parallele Seiten 
und entgegengesetzte Enden aufzuweisen, und 
das Blatt urn eine im wesentlichen zylindrische Ach- 
se, die im wesentlichen senkrecht zur Langsrich- 
tung verlauft, aufgerollt ist, urn den Zwischenbe- 
reich zu schaffen, urn eine Sehne oder ein Band zu 
umschliessen, und die Seiten die entgegengesetz- 
ten Endbereiche bilden, die an derumschlossenen 
Sehne bzw. dem umschlossenen Band an entge- 
gengesetzten Seiten eines darin befindlichen Bru- 
ches oder Risses anzubringen sind. 



10. Transplantat nach Anspruch 9, bei welchem das 
Blatt aufgerollt ist, urn von diesem Blatt mehrere La- 
gen zum Umschliessen einer Sehne oder eines 
Bandes zu haben. 

5 

1 1 . Orthopadisches Transplantat zur Verwendung als 
Bindegewebe, urn frakturierte Knochehstucke zu- 
sammen und in der richtigen Orlentlerung im Kdrper 
zu halten, wobei das Transplantat aus einem Ab- 

10 schnitt eines Intestinalgewebes eines warmbluti- 
gen Wirbeltieres hergestellt ist und der Abschnitt 
die Tunica submucosa, die Muscularis mucosa und 
das Stratum compactum der Tunica mucosa um- 
fasst und Tunica submucosa, Muscularis mucosa 

is und Statum compactum von der Tunica muscularis 
und dem Lumenbereich der Tunica mucosa des Ab- 
schnittes aus Intestinalgewebe delaminiert sind 
und der Abschnitt so ausgebildet ist, dass er als 
Frakturwickel urn Teiie des gebrochenen Knochens 

20 und zum Anbringen an diesem Knochen dient, und 
der Abschnitt durch Strecken konditioniert worden 
ist derart, dass er langer ist als der Abschnitt aus 
Intertestinalgewebe, aus weichem er hergestellt 
wurde. 

25 

1 2. Implantat nach Anspruch 1 , welches mit wenigstens 
zwei derartiger Abschnitte hergestellt ist, von denen 
einer in den anderen gezogen ist, um eine doppel- 
wandige rohrformige Struktur zu bilden, wobei die 

30 angrenzenden Endbereiche miteinander verbun- 
densind. 

13. Implantat nach Anspruch 7, bei welchem der Zwi- 
schenbereich Mehrfachlagen aus Tunica submuco- 
us sa, Muscularis mucosa und Stratum compactum 

aufweist, die zusammen angeordnetsind, um eine 
zusatzliche Zugfestigkeit zu schaffen. 

14. Gewebetranspiantat-Material, welches aus einem 
*o Abschnitt von Intestinalgewebe hergestellt ist und 

die Tunica submucosa, die Muscularis mucosa und 
das Stratum compactum der Tunica mucosa um- 
fasst, wobei Tunica submucosa, Muscularis muco- 
sa und Stratum compactum von der Tunica museu- 
ms laris und dem Lumenbereich der Tunica mucosa 
des Abschnlttes von Intestinalgewebe delaminiert 
sind und das Transplantat-Material ursprOnglich ei- 
ne Langendimension, die der Lfinge des Abschnit- 
tes aus Intestinalgewebe entspricht, und eine Brei- 
50 tendimension aufweist, die dem Durchmesser des 
Abschnittes aus Intestinalgewebe proportional ist, 
und das Gewebetranspiantat-Material in Langsrich- 
tung gestreckt ist, so dass es langer ist als der Ab- 
schnitt aus Intestinalgewebe, aus welchem es her* 
55 gestellt wurde. 

15. Gewebetranspiantat-Material nach Anspruch 14, 
welches auf eine Lange gestreckt ist, die zehn bis 
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zwan2ig Prozent l&nger ist als der Abschnitt aus In- 
testinalmaterial, aus welchem es hergestellt wurde. 

16. Gewebetransplantat-Material nach Anspruch 14, 
welches auch seitlich gestreckt Ist. 



Revendicatlons 

1. Construction de greffe de tissu destin6e a etre uti- 
lisee comma produit de remplacement de tissu con- 
jonctif, ladite greffe etant formee k partlr d'un seg- 
ment de tissu intestinal d'un vertebre & sang chaud, 
ledft segment comprenant la sous-muqueuse, la 
musculeuse et la couche compacte de la muqueu- 
se, lesdltes sous-muqueuse, musculeuse et cou- 
che compacte etant d^lamlnees de la tunique mus- 
culaire et de la partie luminale de la muqueuse dudit 
segment de tissu intestinal, ladite construction de 
greffe ayant una partie intermediate et des parties 
extremes opposees, lesdites parties extremes 
etant configures pour la fixation a une structure os- 
seuse, ligamenteuse ou tendineuse existante, la 
construction de greffe etant conditionnee par etira- 
ge de sorte qu'elle est plus longue que le segment 
de tissu intestinal a partir duquel elle a ete formee. 

2. Construction de greffe selon la revendication 1 con- 
ditionnee par etirage de sorte qu'elle est dix k vingt 
pour-cent plus longue que le segment intestinal a 
partir duquel elle a ete formee. 

3. Construction de greffe selon la revendication 1 ou 
les parties extremes du segment sont configurers 
de sorte qu'il existe de multiples couches du seg- 
ment aux points de fixation de la greffe aux structu- 
res existantes. 

4. Construction de greffe selon la revendication 1 ou 
ledit segment est repH6 sur lui-m§me pour joindre 
lesdites parties extremes pou r former une premiere 
partie de jonction destinee a etre fixee a une pre- 
miere structure et une courbure dans ladite partie 
intermediaire pour former une seconde partie de 
jonction destinee a etre fixee a un second os arti- 
cul6 par rapport audit premier os. 

5. Construction de greffe selon la revendication 1 ou 
Tune desdites parties extremes est adaptee pour 
etretiree au travers d'un tunnel dans le femur et etre 
fixee a celui-ci et ('autre desdites parties extremes 
est adaptee pour etre tiree au travers d'un tunnel 
dans le tibia et etre fixee a celui-ci pour former un 
produit de remplacement pour le ligament croise 
nature), ledit segment etant adapte pour etre place 
sous tension entre les tunnels pour remplir une 
fonction de ligament. 



6. Construction de greffe selon la revendication 1 ou 
I'une desdites parties extremes est adaptee pour 
etre fixee a un premier os et I'autre desdites parties 
extremes est adaptee pour etre fix6e a un second 
s os articuie par rapport audit premier os, ledit seg- 
ment etant adapte pour dtre place sous tension en- 
tre lesdits premier et second os pour remplir une 
fonction de ligament. 

10 7. Greffe orthopedlque destinee a etre utilisee comme 
produit de remplacement de tissu conjonctif dans 
des positions de ligaments et des positions de ten- 
dons dans tout le corps, ladite greffe etant formee 
a partir d'un segment de tissu intestinal d'un verte- 

15 bre a sang chaud, ledit segment comprenant la 
sous-muqueuse, la muscuteuse et la couche com- 
pacte de la muqueuse, lesdites sous-muqueuse, 
musculeuse et couche compacte etant delaminees 
de la tunique musculaire et de la partie luminale de 

20 la muqueuse dudit segment de tissu intestinal, ledit 
segment etant configure pour avoir une partie inter- 
mediate strat if iee qui se termine par des parties ex- 
tremes opposees, lesdites parties extremes etant 
configurees pour la fixation a un os, un tendon ou 

2$ un ligament, la greffe ayant ete conditionnee par en- 
rage de sorte qu'elle est plus longue que le segment 
de tissu intestinal a partir duquel elle a ete formee. 

8. Greffe selon la revendication 7 conditionnee par 6ti- 
30 rage de sorte qu'elle est dix a vingt pour-cent plus 

longue que le segment Intestinal a partir duquel elle 
a ete formee. 

9. Greffe selon la revendication 7 ou ledit segment est 
35 coupe et aplati pour former une feuille allongee qui 

s'etend dans la direction longitudinale de I'intestin 
de maniere a avoir des cotes sensiblement paralie- 
les et des extr£mit£s opposees, ladite feuilie etant 
enroulee sensiblement autour d'un axe cyilndrique 

40 sensiblement perpendiculaire a la direction longitu- 
dinale pour former ladite partie intermediaire desti- 
ned a entourer un tendon ou ligament, lesdits cotes 
forma nt lesdites parties extremes opposees desti- 
nies a §tre fixees audit tendon ou ligament entoure 

45 sur les cotes opposes d'une rupture ou dechirure 
dans celui-ci. 

10. Greffe selon la revendication 9 ou ladite feuille est 
enroulee pour avoir de multiples couches dudit seg- 

50 ment pour entourer un ligament ou un tendon. 

1 1 . Greffe orthopedique destinee a etre utilis6e comme 
tissu conjonctif pour maintenir des fragments os- 
seux fractures ensemble et dans I'orlentation ap- 

55 propriee dans le corps, ladite greffe etant formee a 
partir d'un segment de tissu intestinal d'un vertebra* 
a sang chaud, ledit segment comprenant la sous- 
muqueuse, ia musculeuse et ia couche compacte 
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de la muqueuse, lesdites sous-muqueuse, muscu- 
leuse et couche compacte etant delaminees de la 
tunique musculaire et de la partie luminals de la mu- 
queuse dudit segment de tissu intestinal, ledit seg- 
ment etant configure pour servlr d'enveloppe de 5 
fracture autour de segments d'os fracture et pour 
etre fixe audit os, ledit segment ayant ete condition- 
ne par etirage de sorte qu'il est plus long que le seg- 
ment de tissu intestinal a partir duquel il a ete forme. 

10 

12. Greffe selon la revendication 1 ou ladite greffe est 
formee avec au moins deux segments de ce type, 
I'un tir6 dans Tautre pour former une structure tubu- 
laire a double parol avec les parties extremes adja- 
centes jointes ensemble. *5 

13. Greffe selon la revendication 7 ou ladite partie in- 
termediate a de multiples couches de sous-mu- 
queuse, de muscuieuse et de couche compacte dis- 
posees ensemble pour produlre une resistance a la 20 
traction supplemental. 

14. Materiau de greffe de tissu forme a partir d'un seg- 
ment de tissu intestinal, ledit materiau de greffe 
comprenant la sous-muqueuse, la muscuieuse et 25 
la couche compacte de la muqueuse, lesdites sous- 
muqueuse, muscuieuse et couche compacte etant 
delaminees de la tunique musculaire et de la partie 
luminale de la muqueuse dudit segment de tissu in- 
testinal, et ledit materiau de greffe ayant initiale- 30 
ment une dimension longitudinale correspondant a 

la longueur du segment de tissu intestinal et une 
dimension laterale proportionnee au diametre du 
segment de tissu intestinal, ledit materiau de greffe 
de tissu etant etire longitudinalement de sorte qu'il 35 
est plus long que ie segment de tissu intestinal a 
partir duquel il a ete forme. 

15. Materiau de greffe de tissu selon la revendication 

14 etire a une longueur dix a vingt pour-cent plus <o 
longue que le segment de segment intestinal a par- 
tir duquel il a ete forme. 

16. Materiau de greffe de tissu selon la revendication 

14 ou le materiau de greffe de tissu est aussi etire *s 
lateralement. 
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